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A method for production of and material adapted 
to be sintered to a nuclear fuel element with oxide 
base 

BACKGROUND OF THE INVENTION AND PRIOR ART 

The present invention related to a method for production of a 
nuclear fuel element with oxide base, in which the nuclear fuel 
15 with oxide base is mixed with chrome oxide and sintered into a 
solid body. The invention also relates to a material with oxide 
base adapted to be sintered to a nuclear fuel element, which 
comprises a nuclear fuel with oxide base and chrome oxide. 

20 Methods and materials of the type mentioned above are already 
known within the field of nuclear energy applications. The nu- 
clear fuel with oxide base may comprise U0 2 , Th0 2 , Pu0 2 or a 
mixture thereof, and is provided as powder. 

25 Different editions of further oxides, such as Ti0 2 , Nb 2 O s , Cr 2 0 3 , 
Al 2 0 3 , V 2 O s and MgO have according to the prior art been added 
to the nuclear fuel with oxide base for obtaining an increase of 
the grain size thereof in connection with the sintering thereof, 
since said additions activate the crystalline growth of the grains 

30 of the nuclear fuel during the sintering. 

The increased grain size results in a need of a longer time for 
gas enclosures in the grains to diffuse to grain boundaries and 
through these out of the nuclear fuel when this is used during 
35 operation. The amount of such gases, fission gases, outside the 
nuclear fuel element is accordingly reduced during normal op- 
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eration conditions thanks to the increased grain size of the nu- 
clear fuel. 

It may also be assumed that an increased corrosion resistance 
5 results from an increased grain size of the nuclear fuel, since 
corrosion preferably starts at the grain boundaries and the re- 
lationship between the total grain boundary area and the volume 
of a nuclear fuel element is reduced, i.e. the total grain bound- 
ary area is reduced, when the grain size increases. A good cor- 
10 rosion resistance is desired, since the nuclear fuel may come 
into contact with steam or water during the operation as conse- 
quence of damage on a surrounding cladding tube. Corrosion 
products may then be spread further out in the plant, which 
should be avoided for reasons known per se. 

15 

Besides the fact that the additions mentioned above result in a 
larger grain size of the nuclear fuel and the advantages associ- 
ated therewith, at least some of them contribute to an increase 
of the density of the nuclear fuel element, with respect to the 
20 weight of the very nuclear fuel, for example U, Th or Pu, in rela- 
tion to the volume of the nuclear fuel element. Thus, more power 
may be obtained out of a given volume of the nuclear fuel. 

At least some of said additions also result in an increase of the 
25 plasticity of the nuclear fuel element sintered. This results in a 
smaller risk of damage on surrounding cladding tubes at rapid 
power increases during operation, and volume changes of the 
nuclear fuel element associated therewith, since the fuel ele- 
ment with less power than otherwise acts on the cladding tube. 

30 

Cr 2 0 3 is the addition of those mentioned above that gives the 
mostly noticeable result. The prior art uses therefor preferably 
Cr 2 0 3 for obtaining the effects mentioned above, primarily the 
increase of the grain size of the nuclear fuel. However, Cr 2 0 3 
35 has to be considered as a poison in this context, since Cr has a 
comparatively large neutron absorption cross section, which in 
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its turn may have a negative influence upon the power of the 
nuclear fuel element, which has been understood by the appli- 
cant. According to the prior art 1000-5000 ppm Cr is added 
(separate or as Cr 2 0 3 ) with respect to the amount of the nuclear 
fuel with oxide base, for example U0 2 , for obtaining the effects 
mentioned above. 

SUMMARY OF THE INVENTION 

10 An object of the present invention is to provide a method which 

be;ne|itS5^|the;;:e 

oxide, preferably chrome oxide to the nuclear fuel with oxide 
base at the same time as the amount of chrome oxide added is 
I regulated white considering the negative consequences of the 
15 presenc e of Cr in the nuclear fuel elemen t. 

The method defined in the introduction is for obtaining this ob- 
ject characterized in that the amountlOflafded is £ 50 ppm and 
< 1 000 ppm with respect to the amount of nuclear fuel with ox- 
20. ide base added. Such amounts of added chrome oxide result in 
remarkably mcreased grain sizes of different nucle ar fuels with 
oxide base,_ s uch as UP, in connection with the sintering of the 
nuclear fuel element, at the same time as the amount Cr is kept 
at a lower level than before, and has accordingly a reduced 
25 negative influence upon the efficiency of the nuclear fuel ele- 
ment during operation, in spite of the comparatively high neutron 
absorption cross section thereof. A still more preferred interval 
with respect to the amount of Cr is 100-700 ppm. 

30 According to a preferred embodiment of the method a powder 
comprising at least one further metal oxide is also added, the 
metal of which has a substantially smaller neutron absorption 
cross section than Cr, to such an amount that it contributes no- 
ticeably to a grain enlarging effect of the chrome oxid e upon the 

35 nuclear fuel at the sintering. The further metal oxide is prefera- 
bly any of Nb 2 O s , Al 2 0 3 and MgO. Said additions are alone or in 
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combination with each other insufficient for obtaining the effects 
obtained by the chrome oxide, but they function excellent as 
supplements to the chrome oxide. T he chrome oxide is prefera, - 
bly Cr 2 Q 3 . 

5 

According to a further preferred embodiment of the method the 
further metal oxide comprises Al 2 0 3 and the amount of Al added 
is > 20, and preferably £ 300 ppm. Below 20 ppm the effect of 
Al 2 0 3 added is rapidly reduced. Above 300 ppm the further pbsi- 
10 tive effects of Al 2 0 3 get marginal with the chrome oxide propor- 
tion in question. 

According to a further preferred embodiment of the method the 
further metal oxide comprises MgO, in which the amount of Mg 
15 added is > 20, and preferably < 300 ppm. Below 20 ppm the 
positive effects of MgO upon the nuclear fuel with oxide base 
are reduced rapidly. Above 300 ppm Mg the further positive ef- 
fects of MgO gets marginal with the chrome oxide proportion in 
question. 

20 

A further object of the invention is to provide a material with 
oxide base adapted to be sintered to a nuclear fuel element, 
which through a content of chrome oxide determined in advance 
and as a result of the composition thereof gets the advantages 
25 | in the form of higher density, larger nuclear fuel grains and bet- 
ter plasticity resulting from the additions of said further oxides 
mentioned in the introduction, at the same time as a neutron ab- 
sorption cross section being as low as possible is obtained for 
the nuclear fuel element. 



30 



This object is obtained by means of a material of the type de- 
fined in the introduction, which is characterized in that the 
amount Cr is > 50 ppm and < 1000 ppm with respect to the 
amount of nuclear fuel with oxide base. 
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According to a preferred embodiment the material with oxide 
base comprises also at least one further metal oxide, the metal 
of which has a substantially smaller neutron absorption cross 
section than Cr and is present in such an amount that it contrib- 
5 utes noticeably to the grain enlarging effect of the chrome oxide 
upon the nuclear fuel with oxide base at a sintering of the mate- 
rial. A further metal oxide may be any of Nb 2 0 5 . Al 2 0 3 and MgO 
already mentioned. Presence of several of these oxides jointly is 
also possible in the material. The further metal oxide or oxides 
10 has a supplementary object with respect to the chrome oxide, 
without increasing the total neutron absorption cross section of 
the nuclear fuel element noticeably. 

According to a further preferred embodiment said metal oxide 
15 comprises aluminium oxide in the form of Al 2 0 3 , in which the 
amount is £ 20, and preferably < 300 ppm with respect to the 
amount nuclear fuel. Below 20 ppm the effects of Al 2 0 3 added 
are reduced. Above 300 ppm Al the further positive effects of 
Al 2 0 3 gets marginal with the chrome oxide proportion in ques- 
20 tion. 

According to a further preferred embodiment the metal oxide 
comprises magnesium oxide in the form of MgO, in which the 
amount Mg is > 20, and preferably ^ 300 ppm with respect to the 
25 amount nuclear fuel. The amount MgO is restricted for the same 
reasons as for Al 2 03. 

Further advantages and features of the method and the material 
according to the invention will appear from the detailed descrip- 
30 tion following and the other dependent claims. 

DETAILED DESCRIPTION OF AN EMBODIMENT 

According to a preferred embodiment of the method according to 
35 the invention one or a plurality of powders comprising Cr 2 0 3 , 
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Al 2 0 3 and MgO is added to a powder comprising a nuclear fuel 
with oxide base, in this case U0 2 . 

The amount Cr 2 0 3 added, where Cr is in the interval 50-1000 
5 ppm (weight proportions with respect to the weight of U0 2 ), the 
amount Al added in the form of Al 2 0 3 is in the interval 20-300 
ppm and the amount Mg added in the form of MgO is in the in- 
terval 20-300 ppm. An adhesive and a lubricant are added sepa- 
rately or as a part of any of said powders as already known per 
10 se. 

The powders are then mixed in any way known per se so that a 
homogenous mixture is obtained. 

15 The homogenous powder mixture is then pressed into one or 
several green bodies, by a pressure of 200-700 MPa. 

The green body or bodies is after that sintered in a hydrogen 
atmosphere with an addition of 0,1-5,0 % of C0 2 , as an alterna- 

20 tive only in humidified hydrogen without an addition of C0 2 . The 
sintering lasts for 1-6 hours at a temperature of 1 400-1 800°C 
and under atmosphere pressure. A density very close to the 
theoretical density is obtained thereby. The UQ 2 grains, which at 
the beginning had a grain size in the order of 10 urn, have dur- 

25 ing the sintering grown to > 25 urn, i.e. they have become con- 
siderably larger. 

The oxides Cr 2 0 3 , Al 2 0 3 and MgO added have during the sin- 
tering formed a liquid phase which in the material sintered and 
30 ccoled, i.e. the fuel element formed, forms the matrix around the 
U0 2 -particles present in the sintered body. 

Variations of the preferred embodiment described will of course 
be apparent to a man skilled in the art, but he will then not go 
35 around the scope of protection defined by the appended claims 
with support by the description of the invention. 
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The method and the material according to the invention are well 
suited for production of nuclear fuel elements in the form of fuel 
pellets, which are positioned in cladding tubes and are used in 
5 compressed-water reactors and boiling water reactors for ex- 
traction of nuclear energy through nuclear fission activated by 
neutron irradiation. 

It has to be pointed out that the ppm values mentioned relate to 
10 weight metal/weight nuclear fuel with oxide base, for example 
weight Cr/weight U0 2 . 
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CLAIMS: 

1. A method Jtpr production of a nuclear fuel element with oxide 
base, in which the nuclear fuel with oxide base is mixed with 
5 chrome oxide and sintered to a solid body, characterized in 
that Cr is added to the nuclear fuel with oxide base at a por- 
tion of > 50 ppm and < 1000 ppm with respect to the amount 
of nuclear fuel with oxide base. 

10 2. A method according to claim 1 , characterized in that at least 
one further metal oxide, the metal of which has a substan- 
tially smaller neutron absorption cross section than Cr, is 
added at such an amount that it will contribute noticeably to 
a grain enlarging effect of chrome oxide on the nuclear fuel 

15 in the sintering. 

3. A method according to claim 1 or 2, characterized in that the 
chrome oxide is Cr 2 0 3 . 

20 4. A method according to claim 2 or 3, characterized in that the 
further metal oxide comprises aluminium oxide. 

5. A method according to claim 4, characterized in that the 
aluminium oxide comprises Al 2 0 3 and that the amount of Al 

25 added is > 20, and preferably < 300 ppm. 

6. A method according to any of claims 2-5, characterized in 
that the further metal oxide comprises magnesium oxide. 



30 7. A method according to claim 6, characterized in that the 
magnesium oxide comprises MgO and the amount Mg added 
is ^ 20, and preferably < 300 ppm. 



8. 

35 



A method according to any of claims 1-7, characterized in 
that the sintering is carried out at a temperature at which the 
chrome oxide and the possibly further metal oxide form a liq- 
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uid phase which after the sintering forms a matrix between 
particles of the nuclear fuel with oxide base. 

9. A method according to any of claims 1-8, characterized in 
that the nuclear fuel with oxide base comprises at least one 
of the oxides U0 2 , Th0 2 and Pu0 2 . 

10. A material with oxide base adapted to be sintered to a nu- 
clear fuel element, which comprises a nuclear fuel with oxide 
base and chrome oxide, characterized in that the amount Cr 
is £ 50 ppm and < 1000 ppm with respect to the amount of 
the nuclear fuel with oxide base. 



11. A material with oxide base according to claim 10, character- 
15 ized in that it comprises at least one further metal oxide, the 

metal of which has a substantially smaller neutron absorption 
cross section than Cr and is present in such an amount that 
it contributes noticeably to a grain enlarging effect of chrome 
oxide upon the nuclear fuel with oxide base at the sintering 
20 of the material. 

12. A material with oxide base according to claim 10 or 11, 
characterized in that the chrome oxide is Cr 2 0 3 . 

25 13. A material with oxide base according to claim 11 or 12, 
characterized in that the further metal oxide comprises alu- 
minium oxide. 

14. A material with oxide base according to claim 13, character- 
30 ized in that the aluminium oxide is Al 2 0 3 and that the amount 

Al is > 20, and preferably < 300 ppm. 

15. A material with oxide base according to any of claims 11-14, 
characterized in that the further metal oxide comprises 

35 magnesium oxide. 



WO 00/49621 



PCT/SEOO/00237 



10 



16. A material with oxide base according to claim 15, character- 
ized in that the magnesium oxide is MgO and that the 
amount Mg is > 20, and preferably < 300 ppm. 

17. A material with oxide base according to any of claims 10-16, 
characterized in that the nuclear fuel with oxide base com- 
prises at least one of U0 2 , Th0 2 and Pu0 2 . 
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